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PROPERTIES  or  HOT-PRESSED  BAETJM  TJ'IANATE 


LMRODICTIOX 

Th<»  objective  of  the  progfais  described  was  to  develop  a  technique  for  producing  u  i 
dense,  hot-pressed  barium  titanaie  sample  having  an  average  grain  size  of  less  than  on« 
and  to  compare  its  electrical  properties  with  those  of  convenaonally-fired  bari  -n  titana 

Barium  litanate  h,.d  been  hot-pressed  by  others  using  graphite  dies;  Hot-pressing  it 
resiilis  in  reduced  barium  citanatc  ceramic  which,  upon  subsequent  oxi:ia:'ion,  was  subje 
grain  growth.  Hot-pressing  of  cadmium  niobate  in  ceramic  dies  had  previously  been  den 
at  L'SASRDL  by  DeBreftevillc,  et  al,'  and  barium  titanate  had  been  hot-pressed  and  son 
properties  reported  by  Tennery.^ 

Further  development  of  the  hot-pressing  technique  has  enabled  the  authors  to  produt 
'.onreduced  samples  of  extremely  fine  grain  structure  whose  electrical  properties  art  of 


METHOD 

The  hot-prejsing  apparatus  consists  of  an  induction  furnace  used  iu  conjunction  wit 
and  die  assembly.  An  over-all  view  of  the  assembled  apparatus  is  shown  in  Figure  1. 

The  induction  power  supply  is  a  20-kw,  10-kc  motor  gen'irator,  which  allow.;  rapid  hi 
with  good  control.  The  furnace,  which  was  assembled  r.n  the  platen  of  the  press,  was  a 
insulating  fire  brick  cut  to  fit  inside  the  induction  coil  and  around  the  die  assembly.  A 
tional,  manually-operated  hydraulic  laboralory  press  was  used.  The  furnace  and  die  ass 
are  shown  in  Figure  9. 

The  ceramic  dies  which  have  proven  most  effective  for  our  work  with  barium  titanate 
100°l,  stabilized  zirconia  made  slightly  porous  to  iinprove  thermal  shock  resistance.  Ot 
materials  such  as  alumina  and  alumina  puiceiains  can  also  be  used  with  some  degree  of 
A  stainless  steel  hush’ng  was  shrunk  onU*  the  ceramic  sleeve  to  serve  a.s  the  susceptor 
add  mechsiiical  support. 

The  method  usetl  to  prevent  adherence  of  the  material  being  pressed  to  the  ceramic  c 
fr,.bed  the  sample  in  a  relitively  coarse  zirconia  powder  (TAM  No.  45006)-  Thir  method 
sticking  to  the  die  and  allowed  the  sam.ple  to  be  ejected  easily  while  hot.  The  amount  c 
that  diffused  into  the  sample  during  firing  has  not  been  determined,  but  .he  layer  of  zirct 
tliai  adhered  to  the  surface  of  the  sample  was  easily  removed  by  grind' '  g. 


PROCEDIRF 

\  sa'-.p'e  disc  of  barium,  titanate  ’.,'h  inch  s'l.iiHer  iu  diameter  than  ihe  zirconia  die  v 
preforr  -d  at  lO.ftOO  psi  with  r.o  hinder.  This  preformed  disc  was  loaded  into  the  hot-pre 
in  “uch  a  manner  as  to  h.>  completely  encapsulated  in  zirconia  placing  sand.  The  loadei 
wa.-  aligned  in  the  induction  coil,  and  a  pressure  of  5000  psi  was  applied  and  maintainei 
out  ihe  heating  cycle.  The  rate  of  heating  was  cout.’olted  ir  .'^ueh  a  manner  thafa  tempe 
gOOO'' F  wn.-  reached  in  ten  minutes.  The  sample  was  he!-'  :i'  this  temperature  and  press 
iweniy  minutes  and  then  quickly  ejected  from  the  die  and  buried  in  vcrmiculitc  to  cool.  . 
'’ooling,  the  sample  was  removed  from  its  zirconia  casin, .  grru"d  t<  the  desired  sliapo,  i 
polished. 


K-50-315 

FIG  I  HOT-PRESSING  APPARATUS 


t-r  Lor.rii'-.hri  in*-  ot  p'e-?.  and  i«Tr.per&;ure  of  fTiip  were  irne«ft  Jated:  ho«e\ef, 

■  -■  *  '  c  t p5»  to  ui'ei tc*! icr;:  Ot  Hie  (iiei,  «d>d  &  .^iCDificai’U^  tovter  leniper* 

or  -i.or'oT  i.-.  -.ioe?  not  y.eli  a  f.;;'y  vMrified  bod;.. 


t'H  VK  \C7ER1>T!C?  OF  HOT•r’Kt^^hU  *>al  lO.. 

cr,fl  5 '.'uf.'tifr 

7  t  €-  pf.hs  i.ed  i^ar^ples  bad  a  yetiowieh  color  that  is  charactiTiS'ic  nf  norreduced  t  arian 
H.tar.a.e.  FriciartH.  >uifaccF  were  ci.-.FFy,  an  i:.d;rai;-ar.  of  tne  accFtty  i^-:C  fino  cr  iin  .'-iz'’:. 
Der.Fity  r.ca.' are- e.-.ir-,  ...aue  !■..  .'iFpioter- eni,  skeraiiec  5.C’  pr.'i-c,  For.e  .'Brolcr  rr  os- ur;.';;  r' 
aF  C.O  '.T.  .’(c.  '^r;er.  e;....-;  ;rf  c  under  JO"  X  napr.'fKatio.'.,  poii.-fed  Fa*  nje-  cxK.Litod  r.'- 
.'.tir  aror.;  cram  s  ruc  ture  tefore  or  after  eici.mc. 

Af-.vr  toiref'.!  ;jC‘lishji:£,  Ean  pleF  were  erch<  u  •?  a  Folatior.  ot  '''.5*7  IlF  and  l.O't  and 

f  launar  ^;.:^.io»ed  '.arboa  backed  rrpiicaF  were  ;rr-rared  and  eva-med  w:tb.  ibe  eiortror  r.K'<. 
‘■fone  *.t  n.acaifiiaiions  up  to  ‘20,000  X.  !:  *.i-.  k  that  oue  to  the  small  train  sire  a  s.  usf  ‘tor; 
[lOii-i.ir.ir  ana  eichirc  te«  fnir;ae  coala  be  deve  -!n<-.d. 

Frniiured  sur^scc-  were  reciieat-  •  •"'  '-•*  ®  r.;;.  .'  r.nrorrephs  are  of  unetci.ed  fractured 
ri:*f.icrs.  Tb.c  cram  st.'.e  tr.  ibe  ho:-'  r  -si  d  barium  ritanate  was  found  to  be  less  ll.a.’i  1  micron 
iFjcut*-  Fipure  4  i!iu-‘lraiei:  f‘ ur:  •  f  irr  oHseried  in  a  fractocram  of  kiln-fired 

bat .  tji;,  titanate. 

Tfie  fine  micro  St  ructure  otse-.ed  tie  hot-pfrr-rd  fampief  !«  attributed  to  tbe  Ti.ne  partu  le 

size  cf  tl.e  startinp  material,  and  to  the  predormartv  of  piastic  ftow  as  li.e  :  hc batiism  of  “"’ler- 
me  der  tbC'e  conditions.  The  aseracc  piirtseie  '^izv  of  the  ’nurum.  itt.nnate  used  fXAM  TX 
pradr'  V,  a-  tt.J  r.icron.  These  pafociee  were  feunu  to  le  apclomeratsd  in  &jt  '  a  n  a.nr.er  that  they 
md.tated  a  parucie  size  distribuitor.  of  1  to  ■>  n.’cros*  t>y  eedir en'.atson  methods.  Electron  n-icra- 
showed  the  actual  panicles  to  be  ;  ricmr.  n-d  iesr  'cae  Ftp'ur®  51,  esfcritially  the  '.amo 
?ire  •'.=  '*ose  appearirtc  in  '.re  hot-pre«s«'d  samples. This  indicates  t!  «i  there  was  no  sicr.ififant 
pr&ir.  C'lwt:  durinc  densificaiior.  and  that  boi-pre«s:r.c  ot:er«  a  method  o  be  -uccd  tc  centrn! 
pra’.n  size. 

K.,(  rAi-.,'- ••  » 


T:.<'  eiec'o’.cai  properties  of  hot-rres.-e-i  :.:_’.ate  sw'‘.p!es  prepa'c-l  a-  a  •o.e  .■•  re  ..  to 

str.k.r.p  when  cc'cared  to  those  cf  enn’  cntionaliy  t  rtpwrcs  sanrie.-.  The  dieiertric  sirencth  has 
:  e«  r  fo.n'i  to  be  f  s.-.l's  per  r  il  as  co~parca  .-.it:,  '.am-'=  of  th"  to  2-1  m  It.-  :••■■  -  il.  .« 
i  l'.-er'.e'i  ir  cor v r* noisily  pro<e-seri  'lanur  tiirin.iie  sa-',p;,.s  1,'lf  .r.t'"  'hic;-. 


i  u'-re  b  illustrates  the  difference.-  onserxed  in  -»•..:  t  f  the  dieler  int  cor.  tan:  and 

u.i  itaticr.  f:.'.‘tcr  -.th  temp'- rat urc.  The  reduvii:.:  m  ih-  ;  "a.,  a;  the  dicl'-'fit  ..'“.  t.r."  .r.  i'..- 
•  '.vir.Ky  of  t!  e  Cur.o  le-ptraturc  ;s  af'l  t.  tie  imw-  -izn.  rnr  -  'e- pe-ot  .'e  tie 
'iie.eci’i;  constan"  i:  ei  o'e  ■  ■  i.n  .  , ir  n.'-'er  .••n'  me  •• '.eniatir.n  o'  t“  e  -a*  ole  v.i‘:  resr.ei  ' 
'o  the  ill.  ct..  r.  of  he  for"  '  i  '•■s-..r'-.  St  aeoende-.  •=  r  '  K  on  :'e';,.e"..A  wi,.  fo.nu  from.  cps 
u  '  "..  Ficjre  7  detio  rre  '...r  .ii  .•'.  f  ;,.*:e('r(  (tin-ta.nt  .'  tn  ti~e  .ndcr  -•.•  .(  te-  iier- 

ature  • 'Tditicr.s  f'.  r  cone*  ..r  i  .-ed  DaT.'.''.  T,’.  sj—i  .es  were  be- .nufl  ry  re;.T.r 

to  ■'  C  fc'f  "■  m  , '  j'c.-t  ici'  .•  t; " e  v.  .r<  :  fr  -  ■  -  c  “  '  cf  r----  o'.  .i '  fr')-  r  \t  r.. 
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FIG  4  FRACTURD  SURFACE  OF  KILN- 
FIRED  BaTi  0, 
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FIG  5  PARTICLE  REPLICA  OF  BaTiOs 
POWDER 


HOr  PRESSED 
CONVENTIONAL. 
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lA  tt?  cod  ?!l!!!pi€‘S  cf  BsTiO^  bv  ^pplvAi-e  «  DC  Lcid 

.1;  rrAO"  !f  rpeT.:;;r.''  ;r  v.h;lG  Goclir.p  fro-  120''C,  but  little  or  no  piesoelectric  response  was 


CriNri.vjnONV 

Ti.e  hoi-pressinc  lechaiqje  destribed  in  this  report  produced  a  dense,  nonreduced  barium 
L'ar.a'.e  sample  with  no  apparent  jrain  growth.  The  iimiting  factor  in  producing  «  ftne-grEined 
HaTiO-  bod\  in  the  panicle  si  re  cf  the  raw  mainriuls.  A  proJe<*f  has  been  initiated  to  prndi 
a  B&TiO  ,  pjwder  with  a.n  average  particle  size  of  less  than  f*-!  sicron. 

the  aielectfic  properties  of  these  materials  were  greatly  enhanced  by  small  crystallite  size, 
i  ot  tl.e  piezoeleetric  response  was  almost  completely  eliminated.  These  results  -show  the  sip- 
of  the  effect  of  density  and  grain  size  on  the  ferroelectric  properties  of  barium  titanate 
and  inditaiv  that  an  extension  of  this  study  over  a  wider  range  of  particle  sizes,  particularly 
;.oi(iw  0.1  micron,  might  be  expected  to  produce  new  or  improved  electrical  properties  in 
forroelectiic  materials. 
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DTSTHini'TION  LIST  (Conte) 


A>.  Cl 

Cofjs  of  Engineers  Liaison  Offiofr,  5!CRA  ■?L-LN'E,  USASRDL  1 

Marine  Corps  Liaison  Officer,  EIGRA.  5L-LNR,  USASRDL  : 

V.  S.  C  ON'ARC  Liaison  Officer.  SIGRA  5L-LNT,  USASRDL  2 

ro'r.mandini?  Officer 

r.  5.  Army  Sicnal  Research  .Activity 

Evans  Area  •  i 

Chic-f.  iVesl  Coast  Office 

I'.  S.  Army  Signal  Research  &  Develot-.T.ent  Laboratoiy- 
Building 

75  South  Grard  A. venue 

Pasadena  2,  California  1 

Chief 

Technical  Information  Division 

Hq..  USASRDL  ^ 

USASRDL  Technical  Document  Center 

Evans  Area  7 

Mail  &  File  Unit  Nr.  I  1 

Materials  Branch.  EP&  M  Division  12C 

Conimander 

Anued  Services  Technical  Information  Agency 
ATTN:  TIPCR 
Arlington  Hall  Station 

Arlington  12,  Virginia  If' 


Amr.  Sr.  Smm«vrl-  HI  MON 
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